A total of 803 strains of gram-negative nonfermentative and oxidase-positive fermentative bacteria (38 taxa)
The use of enzymatic profiling of microorganisms by using fluorogenic or chromogenic substrates takes advantage of the presence of preformed enzymes, which can be detected very rapidly (after .6 h of incubation) (4) . These qualitative enzyme tests can be used to differentiate a wide range of different bacteria, and their applications to specific taxa have been reviewed (2, 29) . Especially within the family Enterobactenaceae, these methods can be used to improve the differentiation of various species (25) or may be performed for the specific detection of Escherichia coli (5, 8, 27, 35, 39) .
With particular emphasis on gram-negative nonfermentative and gram-negative, oxidase-positive fermentative bacteria, however, these sensitive tests have only been applied to a restricted set of taxa (1) or have been used as growthdependent tests (22, 23) . After the development of a commercially available kit (API ZYM; Analytab Products, Plainville, N.Y.) (21) , some species were studied for their enzymatic profiles (14, 31, 33, 34, 36, 41, 42) . In addition, the activities of many specific enzymes have also been recorded, for taxonomic purposes, within the genera Flavobacterium (9, (11) (12) (13) (14) Weeksella (17, 18) , Chryseomonas and Flavimonas (16, 19) , and Ochrobactrum (15) by using expanded, experimental API ZYM system galleries of tests. However, the potential of qualitative enzyme tests to differentiate between the numerous taxa of gram-negative nonfermentative and oxidase-positive fermentative bacteria has not been systematically evaluated.
This report deals with an extensive study on a number of strains representing 38 different taxa of gram-negative nonfermenters and gram-negative, oxidase-positive fermentative bacteria which were tested for their ability to hydrolyze 53 different fluorogenic substrates. These tests were evaluated for their separation index values and reproducibility. In addition, the test results were compared with data available in the literature. [38] ). In general, the glycosidase tests were more reliable; they displayed variances of <0.05. The majority of aminopeptidase tests were less reproducible, but most of their variances were <0.1, which has been recommended to be an acceptable level (38 The remaining 34 substrates had VSP indices of >30% and CSP indices of >53%. However, several of the results obtained from these tests differed from those recorded in the literature (9, 11-20, 28, 34) . In addition, some of the tests showed inconsistencies in our reproducibility study. Furthermore, some of the tests revealed very similar profiles within the taxa; e.g., the profiles for L-valine-13-NA and L-valine 4-methoxy-,B-NA or L-proline-1-NA and L-proline-4-methoxy-1-NA were almost identical. For these numerous reasons, the following substrates obtained from Serva were considered to be not sufficient for differentiation purposes: The remaining 16 substrates, which showed high reproducibilities and high separation indices, are given in Table 1 as the percentage of positive tests for each taxon. Within the genus Pseudomonas, we found some species (P. pseudomallei, P. cepacia, P. diminuta, P. vesicularis) which hydrolyzed more of the tested substances than did other species (P. aeruginosa, P. fluorescens, P. putida). Other species, however, were able to cleave only a few of the 16 different chromogenic substrates (P. pickettii, P. stutzeni, P. mendocina, P. pseudoalcaligenes). Strains of Comamonas acidovorans and Comamonas testosteroni exhibited reaction patterns very similar to those of the inactive Pseudomonas species. The species of the genus Alcaligenes that we investigated could not be differentiated from each other ( Table 1) . Representatives of the genera Moraxella and Acinetobacter were found to be inactive concerning their abilities to hydrolyze fluorogenic substrates, which has also been found to be the case for growth-dependent enzyme tests (23) .
MATERIALS AND METHODS
Agrobacterium as well as Flavobactenium species showed many positive results concerning the hydrolysis of the substances tested. Within the genus Flavobactenum, several differentiating features could be found (Table 1) ; however, taxa which cannot be easily separated by conventional tests (32) , like Flavobacterium group IIb and Flavobactenum meningosepticum, were also shown to be very similar. Othpr active species were Shewanella putrefaciens, Sphingomonas paucimobilis, and Xanthomonas maltophilia. The oxidase-positive fermentative species of the genera Vibrio, Plesiomonas, and Aeromonas also showed more positive results than the majority of the nonfermentative species did, and several differentiating characteristics could be observed (Table 1) .
DISCUSSION
As pointed out by D'Amato et al. (4) , the elements for test selection for diagnostic purposes should consider the probability of a positive or a negative result for each test, the separation index values, and the reproducibility. These guidelines were strictly followed in the analysis described here. We used several separation indices in our study; however, as pointed out elsewhere (37), the sum of C and R is not easy to comprehend, nor is the index of Niemela et al. (30) . Therefore, we used the separation indices CSP and VSP (37) to eliminate those tests that showed little separation potential. Sneath (37) recommended that CSP values of less than 50% and VSP values of less than 25% are of little value in an identification matrix.
All test strains were positive for the hydrolysis of L-alanine-1-NA, which has been demonstrated to be characteris-VOL. 30, 1992 on al. (1) ; however, less agreement could be found for the substrates 4-MU-N-acetyl-3-D-glucosaminide and 4-MU-N-acetyl-,-D-galactosaminide. Because the tests were reproducible in our study and showed good agreement with the results of all other studies reporting these enzyme activities (9, 11-19, 22, 23, 28) , the results obtained by Algorta et al. (1) were probably caused by the unstable nature of these substrates, which has been reported in the literature (31) .
A comparison of the results for five substrates, which were obtained in growth-dependent tests (22, 23) , revealed 88% average agreement for 38 taxa of nonfermentative bacteria and 87% average agreement for 11 oxidase-positive fermentative species.
In the taxonomic studies of Holmes and colleagues (9, (11) (12) (13) (14) (15) (16) (17) (18) (19) and Kiredjian et al. (28) , a total of 58 chromogenic substrates were tested on nine newly described species. A comparison of 14 tests gave an overall agreement of 84%. However, it should be noted that the results of several glycosidase tests were listed as discrepant. For the 3-galactosidase reaction, which is a key test in the differentiation of gram-negative nonfermentative bacteria (6, 32), our results were in line with those obtained by the classical method (o-nitrophenyl-13-D-galactopyranoside test). In the studies of Holmes and colleagues (9, (11) (12) (13) (14) (17) (18) (19) on different species of the genera Flavobacterium, Weeksella, Flavimonas, and Chryseomonas, these discrepancies have already been noted. All five glycosidase substrates that showed high discrepancies when compared with our results were 3-NAlinked or 6-bromo-,B-NA-linked compounds. These results are a reflection of the different assay methods that we used. Hsu et al. (20) investigated cultures of four Pseudomonas species (P. fluorescens, P. putida, P. pickettii, and P. stutzeri) for their aminopeptidase profiles and found higher activities for L-aspartic acid aminopeptidase and -y-L-glutamic acid aminopeptidase in P. pickettii and P. stutzen than in P. fluorescens and P. putida, which is in line with our results (Table 1) . Alcaligenes species and Moraxella species could not be separated by fluorogenic enzyme tests; however, they can be differentiated by carbon substrate utilization tests (28) or from their different physiological features (32) . For the oxidase-positive fermentative species of the genera Vibrio, Plesiomonas, and Aeromonas, some fluorogenic tests (Table 1) can be used in addition to those reported in the literature (26, 40) .
As pointed out elsewhere (25) , various parameters like incubation temperature, inoculum size, and duration of incubation may influence the test results. In addition, when using commercially available enzyme tests (e.g., the API ZYM system), a gradual color change is seen when the hydrolysis of the substrate occurs, and the choice of the cutoff point between positive and negative is largely subjective. Reading of test results via a fluorimeter can minimize these subjectivities, and further developments, including more standardized and reproducible methods, may even use quantitative enzyme activities for differentiation purposes.
The identification of gram-negative nonfermentative bacteria in the routine laboratory is still difficult in some cases. Although several classical biochemical tests have been described and performed for the identification of these bacteria (6, 32) , many problems still frequently arise because of the diversity of these microorganisms. The use of qualitative enzyme tests is not sufficient for the identification of all taxa of gram-negative nonfermentative bacteria, but they can be used as supplementary tests in connection with some other test groups (e.g., carbon substrate assimilation tests) in order to achieve a more precise identification of these organisms.
